The crystal structure of burckhardite from the type locality, Moctezuma, Sonora, Mexico, has been refined to R 1 = 0.0362 and wR 2 = 0.0370 for 215 reflections with I > 2s(I). Burckhardtite is trigonal, space group P3 1m, with the unit-cell parameters a = 5.2566(5) Å , c = 13.0221(10) Å , V = 311.62 (5) 
Introduction BURCKHARDTITE, was originally described from the Moctezuma mine (Bambolla mine) in Sonora, Mexico by Gaines et al. (1979) (Kampf et al., 2010) and the Reef mine, Carr Canyon, Arizona (Walstrom, 2012) . Because of the small amount of singlephase material available, Gaines et al. (1979) had to make several assumptions about the mineral:
(1) the valence of Te was assumed to be 4+ based on the association with paratellurite, moctezumite and zemannite; (2) H 2 O was taken to be a significant constituent, as estimated by difference of the EMPA microprobe analyses from 100 wt.% total; (3) burckhardtite was assumed to be C-centred monoclinic by analogy with micas. Gaines et al. (1979) estimated unit-cell parameters as a = 5.21 Å , b = 9.04 Å , c = 12.85 Å and b = 90 º , but noted that "a number of minor lines fail to index readily", supporting the need for further study. On the basis of the assumed relationship to micas, a structure was proposed, based on sheets of [ . Given the unverified assumptions in the characterization of the mineral to date, its interest as a possible Te-bearing mica analogue, and as part of our greater study on the crystallography and chemistry of Te oxysalts Christy and Mills, 2013) , we have re-examined crystals of burckhardtite from the Moctezuma mine and report the results of the structure investigation, along with new analytical data which we have compared with those of Gaines et al. (1979) . The crystals used in this study were obtained from two small fragments removed from a larger specimen, a portion of which is shown in Fig. 1 . These are preserved in the collections of the Natural History Museum of Los Angeles County, catalogue number 64173.
Experimental

Electron microprobe analysis
Electron microprobe (EMP) analyses for the burckhardtite sample used in this study were obtained on a JEOL8200 microprobe at the ( Fig. 1 ) and the bond-valence sums of the structure refinement (see section below). Analyses were recalculated to 14 oxygen atoms, consistent with the structure refinement. Data are summarized in Table 1 , and are broadly in agreement with those of Gaines et al. (1979) . The mounted grains were polycrystalline and porous, which accounts for the low totals. ) and T = tetrahedrally-coordinated cation (mainly Si and Al). If (Al+Si+S) are placed on T, (Te+Fe+Mn) on M and (Pb+Ca) on A sites, the mean of the 7 EMP analyses of this present study g i v e s t h e f o r m u l a ( P b 1 . 7 6 C a 0 . 0 5 ) S 
Raman spectroscopy
Raman spectra were obtained with a Renishaw M-1000 microRaman spectrometer system with a 514.3 nm Cobalt solid-state laser operating at 10% power through a 1006 objective that produced 0.6 mW on an~1 mm diameter spot on the mounted and polished sample used for microprobe analysis.
The spectrum of burckhardtite is dominated by a strong band at 690 cm À1 , attributed to the n 1 symmetric stretching mode of TeO 6 (Fintor et al., 2013) .
No bands attributable to OÀH were seen in the 2500À4000 cm À1 region, consistent with the absence of significant OH À or H 2 O deduced from the structure refinement (see below).
Powder diffraction
X-ray diffraction data for burckhardtite were obtained on a Rigaku R-Axis Rapid II curved imaging plate microdiffractometer utilizing monochromatized MoK a radiation. The observed powder d-spacings and intensities were derived by profile fitting using JADE 2010 software (Materials Data, Inc.). Unit-cell parameters refined from the powder data using JADE 2010 with whole pattern fitting are: a = 5.2540(4) Å and c = 13.0121(12) Å . The observed d spacings fit well with those calculated from the structure and those reported by Gaines et al. (1979) ( Table 2) .
Single-crystal X-ray diffraction
Single-crystal data were collected on the same instrument noted above at 293 K, using a crystal fragment~35 mm625 mm610 mm in size. The Rigaku CrystalClear software package was used for processing of the diffraction data, including the application of an empirical multi-scan absorption correction using ABSCOR (Higashi, 2001) . The structure was solved in space group P31m (No. 162) by direct methods using SIR2004 (Burla et al., 2005) . SHELXL-2013 (Sheldrick, 2008) was used for the refinement of the structure. Initially, occupancies were refined for Pb on A, Te on M and Si on T, so as to estimate overall site scattering factors for the mixed species on these sites. The electron counts were found to agree closely with those calculated if site populations were as in the formula recalculated from the averaged microprobe data above. Species were assigned in these proportions so as to fully occupy sites for the final refinement (Table 3) , analogous to the method of Mills et al. (2012a) . Neutralatom scattering curves were used (Ibers and Hamilton, 1974 Table 5 , selected bond distances in Table 6 and bond-valence sums in Table 7 . For bondvalence calculations, the cation-site occupancies of Table 3 were used, and bond values were calculated using appropriately weighted averages of those for the respective substituents. Bondvalence parameters used were those of Brese and O'Keeffe (1991) Table 6 . This confirms that these oxygen atoms are O 2À rather than OH À , and along with the absence of OÀH bands in Raman spectrum or significant additional electron density peaks, implies that burckhardtite is ideally anhydrous.
Discussion
Crystal structure and chemistry
The crystal structure of burckhardtite is shown in Fig. 2 , which also carry a negative charge. The charge is neutralized by Pb 2+ ions, which decorate the outside of the dioctahedral sheets and connect them to the aluminosilicate double layers.
The rather regular octahedral coordination of the Te site in the crystal structure indicates that the cation is Te 6+ , rather than Te 4+ , as was assumed previously. All TeÀO distances are equal (1.986 Å ; Table 6 ) and the standard deviation of OÀTeÀO bond angles is 6.7º (6) 0.0086(8) 0.0086(8) (5) 0.010 (6) 0.010 (6) 0.043 (14) (3) 0.040 (7) 0.021 (7) 0.023 (7) (5) 0.013 (6) 0.017 (6) 0 0.001(4) 0.006(3) . This is consistent with the stoichiometry derived from the crystal structure, although the structure implies that there is no long-range order of (M 3+ ,Te) or (Si,Al).
Relationship to other minerals and synthetic compounds
Burckhardtite belongs to a small family of double-sheet phyllosilicate minerals. The simplest examples of these, in which only large cations occur between the silicate double sheets, are the f e l d s p a r p o l y m o r p h s d m i s t e i n b e r g i t e , Ca[Al 2 Si 2 O 8 ] (Takéuchi and Donnay, 1959; Chesnokov et al., 1990) Rinaldi et al. (1990) . The incomplete double sheets in these minerals are intercalated with a modified brucite-like trioctahedral layer [Ca 2 Al(OH) 6 ] 1+ of Al(OH) 6 octahedra and Ca(OH) 6 (H 2 O)-capped octahedra, very similar to that of the hydrocalumite group of minerals in the hydrotalcite supergroup (Sacerdoti and Passaglia, 1988; Mills et al., 2012b) .
The SiÀOÀSi angle across the oxygen O1 that bridges the two halves of the double sheet is 180º in burckhardtite. The bond distances and bondvalence sum for O1 imply that this atom is truly located at the special position of point symmetry 32 as in Table 5 , rather than dynamically displaced around that position. This is supported by the anisotropy of the displacement parameters, which have U 33 > (U 11 and U 22 ), implying more displacement along the bond than normal to it. Although such linear coordination is rare for bridging oxygen atoms on the whole, it is a recurrent feature for the central oxygen atoms of double-sheet silicates, occurring also in dmisteinbergite and strätlingite (Takéuchi and Donnay, 1959; Rinaldi et al., 1990) .
Burckhardtite is the first example of a phase where a complete aluminosilicate double sheet is intercalated with a dioctahedral layer, [M 2 &X 6 ] . If the M cations were all Te 6+ and the X anions were all O 2À , this sheet would be electrostatically neutral, but as in the aluminosilicate part of the structure, a net negative charge is provided by substitution of lower-valent cations, primarily Fe 3+ in this case. Each X anion is bonded to only two M cations, which allows the possibility by layers of Pb 2+ cations which lie between a tetrahedral double sheet on one side and a dioctahedral layer on the other. Pb is in 3+3+3 coordination, forming three short bonds to O3 in the octahedral layer and six longer bonds to O2 in the tetrahedral double sheet (Table 6, Fig. 3 ). The Pb 2+ lone pair is evidently directed along Ôz towards the centre of the ditrigonal silicate rings.
The PbÀ[M 2 X 6 ]ÀPb compound layer of burckhardtite can be regarded as a slab of rosiaite-like structure intercalated with the tetrahedral double sheet. Rosiaite (PbSb 2 O 6 ) has the same P31m space group as burckhardtite and a very similar a parameter (5.295 Å ). It has a structure in which two types of octahedrally coordinated cations occupy alternatelyˆÙ¯or˜Ù¯of the available sites between alternate layers of a hexagonal closepacked anion array (Basso et al., 1996) , corresponding to the Li 2 ZrF 6 (= ZrLi 2 F 6 ) archetype (Brunton, 1973) , albeit with different relative valences of the two types of cation. We note that synthetic PbSb 2 O 6 was reported initially to have a slight distortion of this structure type (P312 space group; Magnéli, 1941) . In rosiaite, where the Pbsite symmetry is centrosymmetric 3m and the Pb atom is sandwiched between two M 2 X 6 layers, the Pb coordination polyhedron is nearly regular octahedral with six equivalent PbÀO distances of 2.554 Å and lone-pair stereoactivity is suppressed. However, in burckhardtite, there is a M 2 X 6 layer on only one side of the Pb site which, hence, has polar 3m point symmetry; much longer bonds are made to the O atoms of the aluminosilicate sheet on the other side (Table 6 , Fig. 3) , consistent with the lone pair orienting in this direction, as noted above.
Phyllotellurate M 2 O 6 layers very similar to that of burckhardtite, with 1:1 substitution of Te 6+ and a lower-valence M cation ensuring a net negative charge overall, are known from several synthetic tellurates with the PbSb 2 O 6 /Li 2 ZrF 6 topology. However, in all of these cases, the two types of high-valence cations are long-range ordered to produce superstructures. They include SrGeTeO 6 , where ordering lowers the symmetry to P312, and a suite of compounds REECrTeO 6 (REE = LaÀYb and Y; Kasper, 1969) [TiTeO 6 ] with the ilmenite structure (Woodward et al., 1999) , while a fully disordered phyllotellurate layer with cations in trigonal prismatic coordination rather than octahedral coordination was reported for Sr [MnTeO 6 ] by Wulff and Müller-Buschbaum (1998) .
